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Abstract 
Today there are a lot of dyes available commercially. They are used in many industries such as food, paper, carpet, 
rubber, plastics, cosmetics and textiles. Its can be classified as follows: anionic (direct, acid and reactive dyes), 
cationic (basic dyes) and non-ionic (dispersive dyes). Removal of a basic dye, methylene blue, from an aqueous 
solution was studied by biosorption on banana and orange Peels waste. The biosorbent was chemically modified. To 
mentioned functional groups in order to determine their contribution to the adsorption of dyes. Fourier transform 
infrared (FTIR) was investigated.  
 Kinetic study is also carried out to observe the effects of various process parameters. The maximum values of 
adsorption capacities for activated banana peel (ABP) was 19,671mg/g and 18,647mg/g for natural banana peel 
(NBP) at pH 4 8, 20°C. The results follow kinetic of pseudo second-order rate equation. 
The suitability of the adsorbent was tested by fitting the adsorption data with four isotherms, namely Freundlich, 
Langmuir and Temkin. The characteristic parameters for each isotherm have been determined. The Freundlich 
equation represented the best fit of experimental data for activated banana peel (ABP) than the other isotherm 
equations, and Langmuir equation described the adsorption of natural biosorbent (NBP). It was observed that 
activated banana peel was a suitable adsorbent than other for removal of methylene blue from aqueous solutions. 
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1. Introduction 
Natural and Synthetic dyes, one group of organic pollutants, are extensively used in several industries 
such as textile, paper, printing and dye houses. The effluents of these industries are highly colored [1] and 
discharge of dye containing effluents into the natural water bodies can pose hazardous effects on the 
living systems because of carcinogenic, mutagenic, allergenic and toxic nature of dyes. The presence of 
very small amounts of dyes in water (less than 1 mg. dm 3 for some dyes) is highly visible and 
undesirable [2, 3]. These effluents are very difficult to treat since the dyes are synthetic origin complex 
molecules, resistant to aerobic digestion, and are stable to light, heat and oxidizing agents [4, 2]. Among 
the various kinds of dyes water-soluble and brightly colored acid and reactive dyes are the most 
problematic as they tend to pass through conventional decolorization systems unaffected [1, 5]. 
Traditional physical or chemical decolorization techniques include membrane filtration, ion exchange, 
ozonation, electrochemical destruction, electroflotation, irradiation, flocculation with Fe(II)/Ca(OH)2 and 
physical  chemical flocculation combined with flotation based on the use of activated carbon and air 
mixtures [6]. However the applications of the above mentioned techniques in the large scale are usually 
restricted due to several disadvantages such as relatively high price, high operating cost, regeneration 
problem, formation of hazardous by-products and intensive energy requirements [2, 7, 8].  
Therefore there is a growing interest to find cheap, renewable, available and effective alternative 
materials for the decolorization of colored effluents. Recently some non-carbonized low cost adsorbents 
such as: spent coffee grounds [9], Brasil nut shells [10], garlic peel [11], banana stalk waste [12], soybean 
hull [13], peanut hull [14], mango seed [15], yellow passion fruit waste [16] are being studied for the 
adsorption of dyes. 
Methylene blue (MB) is a basic blue dyestuff with chemical formula of C16H18N3SCl. Methylene blue 
has several harmful effects in spite of being not strongly hazardous. It is harmful when it is swallowed and 
it can be harmful if it is breathed and in contact with skin. Moreover, it causes severe eye irritation [17]. 
In this paper, the solid phase preparation technique of a cationic sorbent derived from natural and 
modified banana peel was reported. The banana peel was chemically activated by caustic soda (ABP). The 
sorption kinetics and isotherm models of banana peel as a cationic sorbent for removing a basic dye, 
methylene blue (MB), from aqueous solution were investigated with a batch system. 
2. Materials and methods 
2.1. Adsorbate 
The basic dye used in this study was MB. The maximum wavelength of this dye is 664.5 nm.  
The mother solution of concentration 0.5 g/L for dye was prepared starting from the powder of dye.  
The studied solutions are synthesized by successive dilutions of mother solution until obtaining the 
desired concentrations. The pH of the solutions is adjusted with nitric acid HNO3 0,1N (or 1N) and the 
caustic soda NaOH 0,1N (or1N). 
The standard solutions of the pollutants are prepared from the mother solution already prepared; this 
preparation was used for the establishment of the calibration curve thus allowing the reading of the 
concentrations. 
2.2. Sorbent 
In the aim of the valorisation of agricultural waste, less expensive and effective support for the 
retention of the dyes are tested, this study propose two natural supports which are the local orange peel 
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and banana peel exported to Algeria from Ecuador, this last solid waste undergoes a chemical treatment 
for test their effective sorption in the two cases natural and activated.
The sorbent was washed with distilled water to remove the surface adhered particles and water-soluble 
materials. Then it is dried with the exposure of the sun light. In order to eliminate de humidity and 
facilitate crushing, the peels were heat in an oven at 105°C.  The dried slices were ground and sieved to 
obtain a particle size range of 0.315 mm and stored in dissector for further use. Part of solid support 
undergoes a chemical activation.  
 Chemical   treatment  with caustic soda (NaOH) 
A quantity of the solid support is mixed with a volume of caustic soda (NaOH) 0,1M with a ratio of 1/5 
(weight/volume), left during 24h, and then it was washed with distilled water until neutral pH [18]. 
After that, it was dried in the drying oven at 105°C until constant weight, the activate banana peel 
(ABP) was crushed and filtered with a diameter lower or equal to 0,315 mm.   
2.3. Experimental methods 
Adsorption experiments were carried out by adding a fixed amount of sorbent (50mg) into 100 mL 
beaker containing 50 mL of different initial concentrations (5 100 mg/L) of dye solution. The temperature 
was controlled at 20±2 °C. Agitation was provided at 600 rpm for 3 h. The initial and equilibrium dye 
concentrations were determined by absorbance measurement using double beam UV Vis 
spectrophotometer (Shimadzu, Model UV 160A) at 664.5nm. It was then computed to dye concentration 
using standard calibration curve. The amount of adsorption at equilibrium, qe (mg/g), was calculated by: 
        
m
VCC
q 0                                                                                                    (1)
where C0 and Ce (mg/L) are the liquid-phase concentrations of dye at initial and equilibrium, 
respectively. V (L) is the volume of the solution and m (g) is the mass of dry (NBP, ABP) sorbent used.  
2.4. Effect of solution pH 
The effect of initial solution pH was determined by agitating 50 mg of (ABP) sorbent and 50mL of dye 
solution of initial basic dye concentration of 20 mg/L at different solution pH ranging from 2 to 10. 
Agitation was provided for 1 h contact time which is sufficient to reach equilibrium with a constant 
agitation speed of 600 rpm and 18±2°C. The pH was adjusted by adding a few drops of diluted NaOH or 
HNO3.
3. Results and discussions 
3.1. Effect of initial solution pH 
According to the results, figure (1.a) shows that at pH=2, the adsorption of methylene blue was not 
significant, while with the others pH (4-6-8-10) it was remarkable.  
Comparison of the saturation curves shows that at pH = 2, the capacity of adsorption is at minimum 
(13.86 mg/g) it does not extinguish saturation state (medium too acidity) on the other hand, at pH=4, 6, 8, 
10 the variation of the capacity is slightly different (19.697, 19.71, 19.65, 19.67 mg/g) respectively (stage 
of saturation). A similar behavior was observed in several works [12, 19 , 20] and even of MB on orange 
peel [21].  
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This can be explained by the fact that at low values of the initial pH, the surface of the adsorbent would 
be surrounded by the ions H+ inducing repulsive forces and hence decreasing the interaction of the ions of 
the methylene blue with the sites of the adsorbent. Thus reduction in the adsorption rate at low pH values 
of the pH can be due to the high concentration and the mobility of the ions H+ [22]. 
 On the other hand at high pH, the concentration of H+ decreases and the total surface of the adsorbent 
become negatively charged, enhancing the sorption of the ions dye, by means of electrostatic interactions. 
The effect of pH on the removal percentage of methylene blue on ABP was showed above in the figure 
(1.b) and table (2),the presentation indicate that the maximum value of the percentage was in the pH range 
of (4-8), it was equal to 98.93%. It was marked that the effect of pH on the elimination rate of methylene 
blue was perceived much more at 40 minutes of the contact time in this range of pH. 
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Fig.1. Effect of initial solution pH on: (a) adsorption capacity of methylene blue on ABP; (b) removal 
percentage: C0=20 mg/l, V=60 rpmin, T=18±2°C, r=1glL, d=0,315mm.
Table.2. the percentage of adsorption of MB on NBP and ABP for various values of pH 
pH 2 4 6 8 10
percentage at 5min (%) 38. 939 97. 864 97. 775 98. 086 96. 840 
percentage at 40 min (%) 61. 548 98. 353 98. 932 98. 442 97. 8192 
percentage at 60 min (%) 69. 291 98. 487 98. 576 98. 264 98. 353 
3.2. Effect of initial dye concentration 
According to these figures (3.A and 3.B), the data prove that the capacity of the adsorption of the 
natural banana peel (NBP) and activated one (ABP) increase with the initial concentration of MB in the 
aqueous phase for a constant solid support (banana peel) to liquid (water) ratio r of 1g/L. Its means the 
rise in the quantity adsorbed on the free active sites. A higher initial concentration provides an important 
driving force to overcome all resistances of metal ions between aqueous and solid phases, thus increasing 
the uptake. Also, increasing the initial ions concentrations of MB increases the number of collisions 
between the dye ions and the adsorbent, hence enhancing the adsorption process. 
The best percentage present it was with the activated support (ABP),  it extinguishes its maximum 
value of 98.540 % with a concentration of the MB of 25 mg/L, this percentage did not change perfectly 
when the concentration increased for great values of 80 et 100 mg/l, in the contrary, the natural support it 
reaches its maximum percentage of 93.448 % for the same concentration (25 mg/L) then it was started to 
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decrease for the up concentrations witch is indeed shown in the table (3) below. It is because with low 
concentrations the relationship between the active sites of surface and the molecules of dye in the solution 
is raised, thus all the molecules will have been retained by biosorbent and eliminated completely from the 
solution. However, at high concentrations, quantity of dye adsorbed per unit of mass of biosorbent, is 
more significant, which causes a saturation of support and thus a quantity of the dye remains free in the 
solution that causes low yield.    
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Fig.3. Effect of initial concentration on the elimination of methylene blue by NBP (A) and ABP (B): pH=5, V=600rpm, T=18±2°C, 
r=1glL, d=0.315mm. 
Table. 3. The yield of adsorption of MB on NBP and ABP for different concentrations of dye 
Concentration (mg/l) 5 10 20 25 50 60 100
percentage of NBP (%) 93.405 94.392 93.235 93.449 90. 939 90.416 79.765
percentage of ABP (%) 97.329 96.083 98.175 98.40 98. 309 98. 813 98.006
3.3 Adsorption kinetic 
In order to analyze the sorption kinetic of MB on NBP and ABP, the pseudo-first-order and pseudo-
second-order kinetic models were applied to the experimental data, and are expressed, respectively, as 
follows:                             
 the linear regression leads to the following expression: 
        tKqqq ete 1ln)ln(                                                                                                   (2)    
The model of the 2nd order is given by the following linear equation: 
     
     
t
qqKq
t
eet 2
2
22
11
                                                                                                (3)  
Were K1 (min-1) and K2 (g.mg-1.min-1) are the velocity constants for two kinetic models respectively, qe
(mg.g-1) and qe2 (mg.g-1) are the adsorbed amount of copper at equilibrium for two kinetic models 
respectively, qt (mg.g-1) is the adsorbed amount of copper at any time, t (min) is the contact time. 
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Fig.5. Kinetics of the ions of MB retention onto banana peel (NBP and ABP) :(a) test of pseudo first order; (b) test of pseudo second 
order 
 In order to determine the kinetic order of the retention of MB onto the natural and the chemically 
modified banana peel, two kinetic models have been tested: pseudo first and  second orders. The obtained 
values for the kinetic constants as well as the correlation factors of the two models are shown in the 
following table (4).  
Table. 4. Parameters of the kinetic models studied for the MB. 
models Kinetics of the 1st order Kinetics of the 2nd order 
constants K1 (min-1) R K2 (g/mg. min-1) R
NBP 0,03896 -0,5798 6.98057 0,99993
ABP 0,0678 -0,96451 2.50868 0,99999
The results are also plotted as shown in Figure (5) and it is clear that the retention kinetics of MB onto 
banana peels supports is very well described by the model of pseudo second order, for the both of 
biosorbents. Consequently, adsorption depends on the concentration of the ions on the surface of the 
adsorbents in conformity with chemisorptions.  
3.4 Adsorption isotherm  
The adsorption isotherm studies are of fundamental importance in determining the adsorption capacity 
of MB onto solid adsorbent (banana peel).          
Three adsorption isotherm models are compared for the fitting of experimental data at pH 5 and 
20±2°C.    
a) Langmuir isotherm 
The Langmuir adsorption model is based on the assumption that maximum adsorption corresponds to 
a saturated monolayer of solute molecules on the adsorbent surface. The expression of the Langmuir 
model is given by the following linear equation: 
                     
max.
1
q
C
Kqq
C e
mexe
e                                                                                                       (4) 
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where qe (mg/g) and Ce (mg/L) are the amount of adsorbed dye per unit mass of sorbent and 
unadsorbed dye concentration in solution at equilibrium, respectively. qmax is the maximum amount of the 
adsorbed dye per unit mass of sorbent to form a complete monolayer on the surface bound at high Ce
(mg/g), and K (L/mg) is a constant related to the affinity of the binding sites. The linear form of Langmuir 
model is: 
                                                                                                                
b) Freundlich isotherm 
The Freundlich model is an empirical equation that assumes heterogeneous adsorption due to the 
diversity of adsorption sites. The Freundlich linear equation is expressed as:                                                        
            C
n
KqLn f ln
1ln                                                                                     (5) 
Where Kf (mg/g (L/mg)1/n) and 1/n are Freundlich isotherm constants related to adsorption capacity and 
intensity of adsorption, respectively.      
c) Temkin isotherm 
Temkin considered the effects of some indirect adsorbate/adsorbate interactions on adsorption 
isotherms and suggested that because of these interactions the heat of adsorption of all the molecules in 
the layer would decrease linearly with coverage. The Temkin isotherm has been used in the following 
linear form:       
          
            
ee Cb
RTA
b
RTq lnln      with   
b
RTB                                                                            (6)       
d) Summarising  
The linear plot of results (figures 6-7-8) shows that the adsorption of MB onto NBP obeys the 
Langmuir model. On the other hand the chemical activation of the support (ABP) brought back the 
process of adsorption to follow the isotherm of Freundlich. The table (4) below gives all the constants 
of the three isotherms with their correlation factors which confirms our discussion.  
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Fig.6. Langmuir isotherm for the retention of MB by NBP (A) and ABP (B)  
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Fig. 8. Temkin isotherm for MB sorption onto (a) NBP and (b) ABP 
Table.5. Langmuir, Freundlich and Temkin isotherm constants and correlation coefficients for adsorption of MB on NBP and ABP
Isotherm constants R
Langmuir  (NBP) qmax=106.952 ; K=0.1552 0.990
Langmuir (ABP) qmax =332.226 ; K = 0.0672 0.718
Freundlich (NBP) Kf =13.32484 ; n =1.4351 0.977
Freundlich (ABP) Kf =20.33554 ; n =1.1003 0.991
Temkin (NBP) A=2.584 ; B=19.55732 0.984
Temkin (ABP) A=3.1326 ; B=26.63555 0.937
    
3.5. FTIR analysis results 
The origin and nature of the biosorbents such as its physical structure, chemical nature and functional 
groups may control the biosorption performance [23]. The FTIR spectra of banana peel before and after 
chemical treatment in the range of 4000 500cm 1 were taken to identify the functional groups in the 
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biosorption. The FT-IR spectra of NBP and ABP are shown in Fig. 9. In both spectra, the broad and 
intense absorption peaks in the range 3200-3500 cm 1 reflected O-H stretching vibrations of hydroxyl 
group on the surface of banana peel on the both cases, correspond to the O H stretching vibrations of 
cellulose, pectin, absorbed water, hemicelluloses, and lignin. 
Fig. 9. FTIR spectrum of NBP and ABP. 
For FT-IR spectrum of the natural support NBP, The peaks around 1639cm 1 are due to the C=C 
stretching that can be attributed to the presence of aromatic or benzene rings in lignin. The vibrations 
around 1450 1470cm 1 could be due to aliphatic and aromatic (C H) groups in the plane deformation 
vibrations of methyl, methylene and methoxy groups. The bands in the range 1050 1450cm 1 can be 
assigned to the C O stretching vibration of carboxylic acids and alcohols. 
For FT-IR spectrum of ABP, there is a new weak bands in the range of 2800-3100cm-1could be 
assigned to the stretching vibration of H-C were the carbon was sp2  hybridized thus, H-C could be of 
aldehyde group. A range of bands was appeared on spectrum of ABP, the peak at 2140cm-1 presented de 
alkynes group.  The board peaks around 1654cm 1 are due to the C=O stretching that can be attributed to 
the presence of amide groups in the surface of solid support, the peak at 1604 cm-1  indicate the presence 
of aromatic or benzene rings in lignin. The other peaks in the range of 900-1300 cm-1 were the result of 
the stretching vibration of C-O of phenols, ethers, esters or alcohols. These results indicate that after the 
treatment with NaOH, functional groups of natural support (NBP) was converted to carboxylate ions. In 
addition, the stretching peak intensity of hydroxyl groups around 3440cm 1, decreased compared with that 
of NBP, i.e. fewer free R OH units were present [24]. 
4. Conclusion 
The biosorption of MB from aqueous solution onto natural and activaed banana peel has been studied. 
This biosorption process was highly dependent on the basic pH and the favorable value of pH was ranged 
between 4 and 8 where the elimination rate was the maximum. The biosorption capacity increased with an 
increase of initial dye concentration. Langmuir isotherm was able to adequately describe this biosorption 
equilibrium for the whole concentration range of NBP. But Freundlich isotherm agreed well with the 
experimental data for treated support (ABP). The pseudo-second-order model expresses the biosorption 
kinetics well. The analysis by FTIR further revealed that functional groups (e.g., amine, hydroxyl and 
carboxyl) on banana peel would be the active binding sites for the biosorption of the studied dye. The 
present work shows that banana peel can be effectively used as a low-cost biosorbent for the removal of 
MB dye from wastewater. 
 (NBP)  (ABP) 
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